Seven isolates from various human body sites displayed general chemotaxonomic and phenotypic characteristics of the genus Brevibacterium. This was corroborated by the 16S rRNA gene sequence analysis of strain CF62 T , showing a sequence similarity of 99 % to Brevibacterium mcbrellneri. However, DNA-DNA hybridization, a peculiar amino acid content of the cell wall and some phenotypic properties clearly suggested that these strains belong to a new species, for which the name Brevibacterium paucivorans sp. nov. is proposed. The type strain of B. paucivorans is CF62
INTRODUCTION
Brevibacterium species have been encountered increasingly in humans, either as commensals or as opportunistic pathogens (Funke et al., 1997) . Four species have been recognized in humans : Brevibacterium casei (Collins et al., 1983) , Brevibacterium epidermidis (Collins et al., 1983) , Brevibacterium mcbrellneri (McBride et al., 1993) and Brevibacterium otitidis (Pascual et al., 1996) . Brevibacterium avium has been isolated from poultry (Pascual & Collins, 1999) . Brevibacterium iodinum (Collins et al., 1980) and Brevibacterium linens (Fiedler et al., 1981) are found mainly in food and in the environment. Brevibacterium liquefaciens has proved to be a synonym of Arthrobacter nicotianae (Stackebrandt et al., 1983) and three species, Brevibacterium halotolerans, Brevibacterium frigoritolerans and Brevibacterium stationis, have not been subjected to genetic studies and their taxonomic position is still uncertain.
Members of the genus Brevibacterium are characterized by an oxidative metabolism, a high proportion of branched cellular fatty acids, mainly anteiso 15 : 0 and anteiso 17 : 0, and a peptidoglycan type A1γ with meso-diaminopimelic acid as the diamino acid (Funke et al., 1997 human body sites. Their phenotypic, chemotaxonomic and genetic characteristics suggest that they all belong to a single species in the genus Brevibacterium, for which the name Brevibacterium paucivorans sp. nov. is proposed.
METHODS
Bacterial strains. The seven strains were isolated from various clinical specimens : CF41 from cerebrospinal fluid, CF45 from a groin abscess, CF62 T from blood, CF67 from an ear discharge, CF69 from an intravascular catheter, CF73 from a wound and CF89 from a groin swab. They were stored in glycerol at k20 mC and cultured on blood agar at 37 mC in air for the purposes of the study. Phenotypic characterization. Most phenotypic characteristics were studied as outlined previously (Funke et al., 1997 ; Wauters et al., 1998 Wauters et al., , 2000 . Acid production from 2,3-butylene glycol was tested on medium containing the following (l − ") : 1 g proteose peptone, 1 g yeast extract, 50 ml 2,3-butylene glycol, 0n025 g phenol red and 17 g agar. The medium was dispensed in 2 ml amounts in small tubes and distributed to slants after sterilization. Slants were inoculated heavily with bacteria from a 24 h blood agar plate and incubated for 4 d. The medium turned yellow when acid was produced from the butylene glycol. Pyrazinamidase was detected on medium containing 10 g peptone and 2n5 g 2-pyrazine carboxamide l − " distilled water. One ml of the broth was inoculated heavily and incubated for 24 h. Pyrazinoic acid was detected by adding one drop of a 1n0% (w\v) solution of ferrous sulfate. Pyrrolidonyl arylamidase and α-glucosidase were tested for by using diagnostic tablets (Rosco). Carbohydrate assimilation was performed on 50 CH strips using AUX medium (bioMe! rieux). API ZYM and API CORYNE (bioMe! rieux) strips were used according to the manufacturer 's instructions, except for gelatin, which was read after up to 5 d.
Antibiotic susceptibility. Susceptibility was evaluated by MIC determination using E-test strips (PDM, Solna, Sweden), on Mueller-Hinton blood agar incubated at 37 mC for 24 h. Penicillin, ampicillin, cefotaxime, cephalothin, erythromycin, ciprofloxacin, gentamicin and vancomycin were tested and the results were interpreted according to the criteria established for staphylococci by the National Committee for Clinical Laboratory Standards (1997).
Chemotaxonomic properties. Cellular fatty acids were assayed by GLC using a Delsi Chromatograph as described previously (Wauters et al., 1996) . The amino acid composition of the peptidoglycan was studied by N. Weiss at the DSMZ (Braunschweig, Germany) using a TLC method as outlined by Schleifer & Kandler (1972) .
16S rRNA gene sequence determination. Sequence analysis was performed at the DSMZ by C. Sproe$ r. Approximately 95 % of the 16S rRNA gene sequence of the strains was determined by direct sequencing of PCR-amplified 16S rDNA. Genomic DNA extraction, PCR-mediated amplification of the 16S rDNA and purification of the PCR products were carried out as described previously (Rainey et al., 1996) . Purified PCR products were sequenced using the ABI PRISM Dye Terminator cycle sequencing ready reaction kit (Applied Biosystems) according to the manufacturer 's protocol. Sequence reactions were electrophoresed using an Applied Biosystems 373A DNA Sequencer. The resulting sequence data were put into the alignment editor ae2 (Maidak et al., 1996) , aligned manually and compared with representative 16S rRNA gene sequences of organisms belonging to the Corynebacterium subgroup of the Gram-positive bacteria (Maidak et al., 1996) . For comparison, 16S rRNA sequences were obtained from the EMBL database or RDP (Maidak et al., 1996) . 16S rRNA gene similarity values were calculated by pairwise comparison of the sequences within the alignment. For construction of the phylogenetic dendrogram, operations of the  package (version 3.5.1 ; J. Felsenstein, Department of Genetics, University of Washington, Seattle, WA, USA) were used. Pairwise evolutionary distances were computed from percentage similarities by the correction of Jukes & Cantor (1969) and, based on the evolutionary distance values, the phylogenetic tree was constructed by the neighbour-joining method (Saitou & Nei, 1987) . The root of the tree was determined by including the 16S rRNA gene sequence of Dermatophilus congolensis in the analysis.
DNA-DNA hybridization. DNA-DNA hybridization determinations were carried out at the DSMZ. DNA was isolated by chromatography on hydroxyapatite by the procedure of Cashion et al. (1977) . DNA-DNA hybridization was performed as described by De Ley et al. (1970) with the modifications described by Huß et al. (1983) and Escara & Hutton (1980) , using a Gilford System model 2600 spectrometer equipped with a Gilford model 2527-R thermoprogrammer and plotter. Renaturation rates were computed with the . program of Jahnke (1992) .
RESULTS AND DISCUSSION
Gram staining of the seven strains showed short and plump coryneform rods. Colonies on blood agar reached 1-2 mm diameter after 48 h of incubation at 37 mC. They were opaque, glistening and smooth, but sometimes sticky. Aerobic growth was observed at 30 and 37 mC but not at 20 mC. There was no sugar acidification, either fermentatively or oxidatively. Urease, nitrate reduction, indole production, decarboxylation of lysine and ornithine and arginine dihydrolase were negative. Gelatin was hydrolysed weakly and slowly but casein hydrolysis was negative. Tyrosine and xanthine hydrolysis were also negative. Ethylene glycol was acidified but 2,3-butylene glycol was not. Methanethiol production was positive. Pyrrolidone arylamidase and pyrazinamidase were negative. Using 50 CH strips, no carbohydrates were assimilated. With the API ZYM system, only esterase lipase (C8), leucine arylamidase and phosphoamidase were positive in all strains ; trypsin was positive in some strains. The API CORYNE code obtained with the seven strains was uniformly 0 000004.
The strains were susceptible to all antibiotics tested with the exception of strain CF73, which was resistant to gentamicin and ciprofloxacin.
The cellular fatty acids were predominantly of the branched type, predominantly anteiso C15 : 0 and anteiso C17 : 0, although the sum of the two components did not always reach 75 % of the total cellular fatty acids, as is the rule in other brevibacteria (Funke et al., 1997) .
The peptidoglycan analysis revealed the presence of meso-diaminopimelic acid as the diamino acid. A unique feature was the presence in the cell wall of an excess of glutamic acid and glycine, which could be removed by hydrofluoric acid treatment in the cold. This suggested that there was a non-peptidoglycan component containing glutamic acid and glycine that could be split off by hydrofluoric acid.
16S rRNA gene sequencing of CF62 T showed the highest similarity, 99 %, to B. mcbrellneri (Table 1) , and the overall phenotypic and chemotaxonomic properties of strain CF62 T were consistent with its membership of the genus Brevibacterium (Funke et al., 1997) . DNA-DNA hybridization between strain CF62 T and the type strain of B. mcbrellneri, DSM 9583 T , showed a relationship of 65n4 %. DNA of strains CF41, CF45, CF67 and CF69 displayed homology levels of 86n3, 89n1, 90n2 and 78n5 %, respectively, with labelled DNA of CF62 T , suggesting that they belong to a single species. The DNA GjC content of strain CF62 T was 55n8 mol %, which is rather low in comparison with other brevibacteria (Gruner et al., 1994) .
Although the 65n4 % DNA-DNA hybridization of CF62 T to B. mcbrellneri was rather close to the 70 % limit required to conclude that they constitute different Brevibacterium paucivorans sp. nov. in humans 
species, several chemotaxonomic and phenotypic properties indicate clearly that our strains belong to a species distinct from B. mcbrellneri. Indeed, the peculiar amino acid content of the cell wall is not a feature of B. mcbrellneri. The cell morphology and culture characteristics are also different : cells of the new strains are stained evenly and they are short and plump, whereas those of B. mcbrellneri are somewhat irregular and thin. The glistening smooth or sticky colonies of the strains are in sharp contrast to the dry and crumbly colonies of B. mcbrellneri (McBride et al., 1993) . Biochemically, the study strains can be further differentiated from B. mcbrellneri by the lack of casein hydrolysis. Furthermore, acidification of 2,3-butylene glycol is absent in the new strains and in other brevibacteria, while it is positive in B. mcbrellneri, a feature unique to this species. In addition, gelatin hydrolysis is delayed and weaker than in other Brevibacterium species and depends on the technique used. The seven strains differ from B. otitidis by their lack of tyrosine hydrolysis and by the absence of pyrrolidonyl peptidase and pyrazinamidase. They are distinct from B. casei and B. epidermidis by their inability to grow at 20 mC and to assimilate any carbohydrate in the 50CH system and by the lack of decomposition of casein, tyrosine and xanthine. The main characteristics that differentiate the new species from other brevibacteria are summarized in Table 2 . There is genetic, chemotaxonomic and phenotypic evidence that strains CF62 T , CF41, CF45, CF67 and CF69 belong to a single species in the genus Brevibacterium, distinct from the other species described in this genus and related most closely to B. mcbrellneri (Fig. 1) . The name Brevibacterium paucivorans sp. nov. is proposed for this new species. Although strains CF73 and CF89 have not been subjected to genetic analysis, their chemotaxonomic and phenotypic properties suggest strongly that they belong to the new species.
The seven strains of B. paucivorans were isolated from different body sites, but no pathological role in disease was proved. The ecological niche of these organisms is not known and their clinical significance remains to be assessed. Cells are Gram-positive, non-motile, non-sporulating, short and plump rods with a diphtheroid arrangement.
Colonies are greyish, glistening and smooth or sticky and approximately 2 mm in diameter after 48 h of incubation at 37 mC on blood agar. Growth occurs aerobically at 37 mC but not at 20 mC. Catalase is positive. No carbohydrates are acidified or assimilated. Urease and pyrazinamidase are negative and nitrate is not reduced. Methanethiol is produced. Casein, tyrosine, xanthine and aesculin are not hydrolysed. Gelatin is liquefied weakly and slowly. Ethylene glycol is acidified but 2,3-butylene glycol is not. Pyrrolidonyl peptidase is negative. Using the API ZYM system, leucine arylamidase and phosphoamidase are positive, esterase lipase (C8) is weakly positive and trypsin is positive in some strains. Alkaline phosphatase, esterase (C4), lipase (C14), valine arylamidase, cystine arylamidase, α-chymotrypsin, acid phosphatase, α-and β-galactosidase, β-glucuronidase, α-and β-glucosidase, N-acetyl-β-glucosaminidase, α-mannosidase and α-fucosidase are negative. Cellular fatty acids are of the branched type, with anteiso 15 : 0 and anteiso 17 : 0 being the major components. The diamino acid of the peptidoglycan is meso-diaminopimelic acid and the cell wall contains an excess of glutamic acid and glycine that are not bound to the peptidoglycan. The organisms are isolated from various human body sites.
